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SEALING MEDIA FOR SURGERY AND WOUND CLOSURE 

Backoround of the Invention 
The preset invention relates to medical grade sealing metfia or used for wound dosurs and surgical 
5 procedures. More particdarty, the present invention relates to surgical sealing meifia of the type useful for 
preventing or minimizing leakage through a joint formed between native tissue and adjacent native tissue or 
between native tissue and non-native tissue or material such as a. heart valve, graft or other prosthetic implant. 
AdcOtionalty, more particularly the present invention relates to seating media of the type useful for bondng adjacent 
sections of skin separated by percutaneous ircision or traumatic injury. 
10 Sealing mecfia for suraerv: 

Surgical heart valve replacement for example, may invdve implantation of one of three distinct 
prosthesis types: mrchanical (synthetic), bioprosthetic (chemically-fixed porcine valve or bovine pericardiimK or 
human allograft. These prostheses can provide effective hOTiodynamic improvement for replacement of native 
aortic, mitral or other valves that are either congenitally malfonned or have been damaged by degenerative changes 
15 or (fisease resulting in either perfusion insufficiency or stenosis. Of the approximately 55,000 aortic valve implants 
annually in the U.S., 75% are mechanical vahres. The remainder of the replacements are of transplanted tissues. 
Of these, over 80% are porcine bioprostheses; the relatively small number of allografts (2,500 per year) is primarily 
due to their limited availabilrty. 

The criteria for an ideal prosthesis wotid include natural hemodynamics, long-temi durability, low 
20 incidence of thrombo^bolic complications, freedom from calcification, proven lack of immunogenicity and no 
inappropriate hyperplastic responses following implantation. In addition, the elimination of leakage around the 
sutured joint while retaining low thromboembolic and other complications of the prosthesis as implanted would be 
desirable. 

When it is necessary to repair or replace a malfunctioning heart valve within a patient, the repair or 
25 replacement has traditionally been accomplished by a major open-heart surgical procedure, requiring general 
anesthesia and fuD cardiopulmonary by-pass with complete cessation of cardiopulmonary activity. The use of 
extracorporeal cardiopulmonary by-pass for cardiac support has become well established and has Involved median 
sternotomy or less commonly thoracotomy. Such surgery usually includes one to two weeks of hospitalization and 
months of recuperation time for the patient The average mortality rate with this type of procedure is about five to 
30 six percent and the complication rate is substantially higher. Descriptions of open-heart procedures for replacing 
heart valves can be found in Gibbon's Surgery of the Chest., 5th Ed^ David C . Sabiston, Jr., M.D., Frank D. 
Spencer, Mi)., 1990, Vol. II Ch. 52, pp. 1566-1596, and Textbook of Interventional Cardiology, Eric J. Topoi, 
1990, Chs. 43-44, pp. 831-8B7. 

Endovascular surgical procedures on the heart have been developed recentiy which, in contrast to open- 
35 heart surgical procedures, may have a reduced mortality rate, may require only local anesthesia, and may 
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necessitate only a few days of hosphdizetioru Minimally invasive procedures both on an arrested heart and, more 
ra:ently, on a beating heart are also in development 

Notwithstanifing the foregoing significBnt advances, the success of many procedures still dep^ds upon - 
the provision of a leak-proof joint between two sutured materials. Regardless of the entry pathway, for example; a 
5 replacement heart vahre must be sutured to the annulus of the patient's heart Coronary artery bypass grafts, 
peripheral vascular grafts, and any of a wide variety of organ transplants, among other procedures, txiude a risk of 
leakage through the sutured joint In many procedures, particularly arterial side procedures stu:h as a heart valve 
replacement one portion of the procedure is detficeted to testing the sutured joint under arterial pressure and 
examining for leaks. Leakage often occurs to some degree, and clinical judgment exercised on the spot governs 
1 0 whether addtional steps should be taken to miramize the leak or whether it vw'D Ekely resolve itself before adverse . 
consequences occur. 

Thus, there remains a need for a simple and effective method and composition for minimizing high 
pressure teaks at a sutured joint Preferably, the method and composition can be utilized with minimal training time 
and risk of error, and will not materially increase thromboembolic complications; immunogenicrty, inappropriate 
1 5 hyperplastic responses, or other negative factors. 

Seding media for wound closure: 

Every year, over 10 million traumatic wounds are treoted by emergency physicians in the United States. A greet 
20 many incisions ranging from a few millimeters to several centimeters in length are closed each year by medical 

personnel. Countless more less serious wounds are treated by non-medical persons, such as athletic trainers, 

parents of an injured child or the injured individual himself. 

Small wounds and lacerations may be treated by simply bandaging the wound or by using tape to keep 

the edges of the wound in apposition. Such methods may be perfomied with a minimum of time and trainir^, as 
25 well as causing little or no additional trauma to the wound or causing the patient additional pain. 

More serious wounds or incisions are generally treated by conventional methods such as suturing. 

Suturing requires the use of a needle and often involves a locd anesthetic. Suturing can be costly because it is 

time-intensive and the procedure requires that the individual perfonning it have some medical training. Additionally, 

suturing can be painful and the use of needles may cause further distress for an already traumatized patient, as 
30 well as expose medical personrmi to potential needlestick injury. Furthermore, because most sutures used topcally 

do not (fissolve, the patient generally must make a return visit at a later date for the often uncomfortable procedure 

of removal of the sutures. 

In recem years, stsne medical personnel have tried using cyanoacrytate tissue adheshms as an altemathre 
for such conventional methods. The most commonly used cyanoacrylates, which include ethyl- and 
35 butylcyanoacrytate, have some advantages over suturing, such as faster and less painful closure. They do. 
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howem, have sevo^al drawbacks, most notably that they have a very low viscosity making predse application 
difficult forni a closure which is hard, brittle, and inflexible, and set up too quickly and do not aOow for adjustment 
of the opposing skin surfaces. 

Thus, there remains a raed for a simple and effective method and composition for effecting wound 
closure. Preferably, the method and composition can be utilized vwth minimal training tone and risk of error, and 
will not materially increase ccmpltcations, immunogenicity, scarring, infection or other negative factors. 



10 Summary of the invention 

There is provided in accordance with one aspect of the present invention a metfical gracfe sealing mmiia 
for securing and sealing a surface to a tissue of a mammd. The medical grade sealing medBa comprises an adhesive 
and a micropsrticulate material. In one embodiment the adheshre comprises cyanoacrylate. In another 
embodiment the microparticulate matter comprises silica 

1 ^ In ffl:cordance with another aspect of the present invention, the medical grade seeling media is used for 

securing and sealing a surface to a tissue of a mammal. The Use comprises bringing a first surface and a second 
surface together in an adjacent configuration to fonn a joint and thereafter securing the first surface to the second 
surface with a primary securing structure. The medical grade sealing media comprising an adhesive component and 
a micro particulate component is delivered to one or more interfaces of the first surface and the second surface in a 

20 quantity sufficient to seal the joint between the first surface and the second surface. 

In accordance with another aspect of the present invention, there is provided a wound closure device. 
The device comprises a reservoir contairang wound closure media, said media comprbing an adtesive compound 
and a microparticulate component and an applicator tip. In one embodiment the reservoir is compressibla or 
collapsible. Optionally, the applicator tip comprises a roller ball. In another aspect the device is sterilized and 

25 disposable. 

In accordance with another aspect of the present invention, there is provided a wound closure dressing. 
The dressing comprises a flexible support structure impregnated with wound closure media. The wound closure 
media comprises an adhesive component and a microparticulate component In one embodiment the dressing 
further comprises a sealed pouch surrounding and containing the wound closure dressing. 
30 Further features and advantages of the present invention will become apparent to those of skiD in the art 

in view of the detailed description of preferred embodiments which follows, when considered together with tte 
attached drawings and claims. 
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Brief Description of the Drawings 
Figure 1 is a cross-section of a rdlerball conteiner-epplicator as may be used to apply wourei dosure 
meda in accordance with tin present invention. 

Figure 2 depicts tte use of a rollerfoall container appiicator of the type in Figure 1 to deliver wound 
5 dosure metfia to a topical wound to effect dosure in accordance vuth the present invention. 

Figure 3 is a view of an alternate container-applicator for use in accordance with the present invention. 
Figure 4 is a cross-section of the container-applicator of Figure 3. 

Figure 5 is a blown-up view of the applicator tip of the conteiner-appiicator of Rgure 3 showing the 
placement of a break away sealing tip. 
10 Detfflled Description of the Preferred Embodiments 

Sealing meda for suroerv: 

In accordance with the present invention, a sealing mediim is used in conjunction with a primary wound 
closure or tissue fastening system in order to minimize or eliminate leakage at the interface of the surfaces being 
joined. The primary closure system may comprise sutures, staples, damps, wires, or any other physical structure 

1 5 designed to retain two surfaces to be joined in contact with each other. The sealing media of the present invention 
may also be used alone, as a primary dosure or fastening system. 

The surfaces to be joined in accordance with the present invention may be two adjacent surfaces of 
native tissue which have been separated, such as by an tndsion. Alternatively, a first surface to be joined may be a 
surface of tissue in the patient, and the second surface to be joined may be an autologous tissue from dsswhere in 

20 the same patient such as a harvested vessel, allograph tissue such as a human transplant organ from a separate 
donor, animal tissue such as porcine or bovine heart valves, which may have been pretreeted in accordance with 
knovun technology, or any of a wide variety of nontissue materials. Nontissue materials suitable for use with the 
present invention indude any of a variety of biologically compatible metals such as stairiless steel, gdd platinum, or 
others well known in the medical device industry. Alternatively, the second surface may be any of a wide variety 

25 of polymeric materials, induding pdyethylenes, pdypropylenes, nylons, polytetrafluoroethylene and other 
pdyfhjoro conpounds, polyesters such as Dacron, and other polymeric materiels known in the art. 

The second surface may also be a surface on any of a wide variety of implantable prostheses, prosthetic 
devices, grafts or organs. For example, the sealant of the present invention may be useful in heart transplant, 
kidrwy transplant, liver transplant, lung transplant or other transplant procedures. In additioa a wide variety of 

30 vascular grafting procedures can benefit from the use of the present invention including tissue grafts uang vessels 
harvested from elsewhere in the patient's body, as well as prosthetic grafts of the type wWch may be made from 
PTFE, Dacrofv or other materials alone or in combination with supporting metallic cages. In adtfition, the present 
invention has particular application in connection with the implantation of replacement heart valves wtich will be 
sdqect to arterial pressure. Such valves may include mechanical valves, bioprosthetic valves, and human 

35 allografts. 



-4- 



wo 99/30629 



PCT/US98n6825 



Ahhoiqh specific prostheses, prosthetic devices, grafts and organs are named and (fiscussed in this 
specrftcatioa such use of the terms should not be construed as limiting the definitions of these temis. It is the 
appGcant's intention that these temns be given their broad ordinary meanings. Addrtionally, the temis device; graft 
prosthesis and organ shoiid be interpreted as including any skirts, supports, covo'ings or adifitional materials 
5 attached to or assrciated with the device, graft prosthesis or organ. 

The present invention may be used to relieve both acute and long-tenn risks of leakage at a joint Acute 
risks may arise from such things as improper tensioning of the suture, the placement of the sutures around the 
anniJus (in the case of a heart valve replacement), and complications resulting from diseased or damaged tissue. 
Diseased or damaged tissue, such as calcification in a blood vessel, may also give rise to long-temi leakage risks, in 

10 that such conditions can present an opportunity for sutures to work loose over time. The tissue adhesive of the 
present invention is preferably forrhdated to minimize both acute and long-term risks of leakage that are present 
when sutures alone are used. 

Formication and storage of sealing media will be described in the titled section page 10. 

Wten applying sealing media in accordance with the present invemion, a sufficient amount 

1 5 should be delivered to the tissues or materials so that proper sealing of the joint perforatiori, cavity, tear, iricision or 
the like will occur. The media should also be applied in a manner to minimize the risk of emboDzation or migration. 
The amount of seaGng media to apply in any given case may depend on several factors including the composition of 
the surfaces to be joined, structure, tissue sensithfity to the media, and the like. Through routine experimentatioa 
however, one of skill in the art should be able to exercise clinical judgment to determine an appropriate quantity of 

20 meda that will pro\nde effective joint sealing for a particular procedure. 

Upon application of the metfia to the site intended for closure, the two surfaces from which the joint will 
be formed are brought in contact with each other and the media is aDowed to polymerize. Sutures, staples or some 
other SKuring means may be used to initially close the joint between the two surfaces, with the application of a 
sealing medium being a later step to reinforce and thoroughJy seal the joint to help prevent leakage or rupture. 

25 Alternatively, the two surfaces may be brought together by forceps, clamps or simBar devices which are removed 
once the sealing medium has been applied and allowed to polymerize to set the joint 

Methods of the present invention are preferably directed toward creating a joint by sealing and securing 
materials, tissues, prostheses, prosthetic devices, grafts, and the like to native tissues in the body of a patient. The 
need for such a joint formation may arise during surgical procedures. 

30 A suitable formulation of sealing mediun comprised of an adhesive compound and a microparticuiate 

cwnponem, as described herein, is chosen for use. Characteristics of a medium such as its viscosity, 
biodegradability and rate thereat resulting tensile strength upon polymerization, histotoxidty, and polymerization 
rate, may be taken into account when choosing a mediim. Spedfic cheracteristics in a medium may be desired to 
fit rreeds as dictated by such factors as tte nature of the tissues or materials being joined, the location of the joint 

35 in the body, and potential stress on the joint 
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The method pr(»:eed5 by bringing together the two surfaces that will form the joint and inittany 
them togeth^ by conventional techniques involving sutures, staples, or other standard materials and methoife 
known in the art. The joint is then sealed and further secured by applying the chosen sealing mecfitvn to the 
interface of the two surfaces. The method of application may, in part be determined by factors such as the 
5 characteristics of the chosen medium and the gcOTietry, size and placemem of the application site. If mquir^, tte 
two surfaces are held together by use of a suitable surgical instrument for the time requred for polymerization. 

Alternatively, the two surfaces may be brought together, by clamps, forceps, hands or other removable 
means and secured and sealed by means of a chosen sealing metfium alone. After polymerization to the point of 
adhesiori, the clamps, forceps or the like are then removed. Thus, the gel or paste of the present invemion can be 
1 0 used as the primary securing modality, to replace convemional sutures or staples. The two sides to a percutaneous 
Incisioa for example, can be held together and a layer of sealing gel can be placed on the surface to span the 
incision. After sufficient polymerization, the gd should provide a strong bond while natural healing processes occur. 

Another alternate method would be for the sealing mediim to be applied to one or both of the surfaces, 
which are subsequently brought into contact with each other and held for a time long enough to allow for sufficient 
15 polymerization resulting in adhesion. 

One preferred method of the present invention is the use of sealing media in heart vdve replacement. 
When it is necessary to replace a malfunctioning heart valve within a patient, the most commonly performed 
procedure requires general anesthesia and a fufl cardiopulmonary by pass with complete cessation of 
cardopulmonary activity. Descriptions of open-heart procedures for replacing heart valves can be found in Gibbon s 
20 Surgery of the Chest, 5th Ed., David C. Sabistorv Jr., M.D., Frank D. Spencer, M.D., 1990, Vol. II, Ch. 52, pp. 
1566-1 596, and Textbook of Interventional Carifiology, Eric J. Topol, 1990, Chs. 4344, pp. 831-867. 

Once the patient is prepared according to conventional te:hniqies detailed in the references above, the 
malfunctioning heart valve can be removed and a prosthetic replKOTient can be implanted. Generally, a tissue 
cutter is inserted into the patient and advanced to the valve to be severed. The malfunctioning valve is then cut-out 
25 and removed from the patient During this process a continuous flow of clear cardioplegic fluid is mainta'ned to 
facilitate the observation of the region by the surgeon. After the malfunctioning valve has been ^verad and 
rsnoved from the regioa the instrument used for cutting is withdrawn and a replacement valve is advanced to the 
site of implantation. 

ReplacOTiem valves typically have a Dacron skirt secured to the lower rim of the vah/e to facilitate 
30 securing the replacement valve at or near the site from which the original valve was removed. The replacement 
valve may also be provided with a t^porary or pemianent expandable support frame. 

The Dacron skirt and support frame is fixed to the appropriate region of the heart by means of a plurality 
of U-shaped staples. Once the Dacron skirt is secured, the cavities between the stapled tissue and the new valve 
can be closed one at a time. Closure of a cavity proceeds by delivering sealing mediitn to the tissts surrounrfing 
35 the cavity and the tower t'm of the new valve with or without suturing. A fomiulation of seeling medium is chosen 
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to provide a moderate to high past like viscosity, and a relativety low biodegradation rate. A sufficient quantity of 
sealing niedum, preferably 0.25 cc tol.O cc, is applied so that the tissue surrounding the cavity, the Dacron skirt 
and the lower rim of the new valve is in contort with the medium. Forceps or some other suitable surgical 
instrument may then used to bring together the tissue between the staples and the lower rim of the new valve and 
5 tim cavity is held closed until the sealing medium polymerizes. Once the first cavity is closed the surgeon can 
' proceed to the next and so on until the lower rim of the new valve is fimdy attached and all cavhies are closed. 
Once the bottom of the valve is finnly attached, the upper extensions of the new valve may be progresshdy 
secured using the same approach of stapling followed by using sealing mccfiun to close the cavities detailed above. 
When the replacement valve is in place, the cardioptegic agents are flushed from the myocardium with saline or 

1 0 blood and the patient is restored according to conventional methods. 

Although the present invention has been described in tenns of certan prefened embodiments; and certain 
exemplary applications, it is to be understood that the scope of the invention is not to be limited thereby. Instead 
Applicant intends that the scope of t\a invention be limited solely by refererrce to the attached claims, and that 
variations on the f omrtulation and applications disclosed herein which are apparent to those of skill in the art will fall 

1 5 withn the scope of Applicant's invention. 
Formulation and storaoe of sealing media 

Formulations of sealing media of the present invention preferably comprise a tissue adhesive such as a 
cyanomnylate which has been moifified to increase its viscosity and, preferably, decrease its polymerization rate. 
The viscosity of the cyanoacrylate can be increased to a gd or paste fomn by chanical modification of the 

20 cyanoacrylate molecule and/or by the presence of one or more thickening agents. In one embodiment, the seaGng 
medium of the present invention comprises a gerffirafly homogeneous mixture of an adhesive compound and a 
thickener such as a microparticulate component. Any of a variety of other addtives can also be adcfed, such as 
bacteriostatic agents, anti inflammatory agents, preservatives, stabilizers and the like, as will be understood by 
those of skill in the art. 

25 Examples of adhesive compounds include cyanoacrylates and fibrin based adhesives. PolymerizaUe 

cyanoacrylates that have been cross-linked or co-polymerized vuth other compounds that may alter elasticity, 
modify viscosity, aid biodegradation or change some other property of the resulting material may also be used as 
adhesive compounds in accordance with the present invention. For example, polyacrylic acid having a molecular 
weight of 200,000 to 600,000 may be cross Bnked to a cyanoacrylate to f onn compounds which may allow the 

30 absorbability to be coordinated with the tissue regeneration rate and may feature higher elasticity than 
cyanoacrylates alone. Absorbability is unnecessary for topical applications, in which the adhesive film will simply 
fall off in a few da^. 

Microparticulate components in accordance with the present invention may induite silica and tiny beads 
or pieces of polymeric materials such as polymethylmethacrylate (PMMA). Preferably, formulations of sealing 
35 mecfia comprise cyanoa:rylate as the adhesive compound and silica as the microparticulate component 
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Among the reasons why cyanoscrylates are preferred are that they have several particular advantages as 
an adhesive compounl First they harden almost instantaneously on contact whh surfaces having moisture 
thereon. This includes most tissues and surfaces in and on the body of an animal, such as a human. Second, 
experiments by the inventor indicate that cyanoacrytate sealed vasctdar punctures can withstand several times the 
5 maximum potential systolic pressure, and hence, would not be expected to fail when used to seal a joint such as at 
■ the annulus of a heart valve or to seal most surface wounds. Also, cyanoacrylates are naturally thrombog^c. 
This is an advantage in certain applications as it promotes the first step tn healing. 

Preferred adhesive compounds to be used in the media of the present invention comprise compounds 
witWn the cyanoacrylate family. Such compounds include methyl cyanoacryiate, ethyl cyanoacrylate, n-propyi 

10 cyanoacrylate, isopropyl cyanoacrylate, n butyl cyanoacrylate, isobutyt . cyanoacrylate, n-amyl cyanoacrylate, 
isoamyl cyanoacrylate, 3-acetoxypropyt cyanoacrylate, 2methoxypropyl cyanoacrylate, 3-chloropropyl 
cyanoacrylate, benzyl cyanoacrylate, phenyl cyanoacrylater alkenyl cyanoacrylate, butyl-2-cyanoacrylBte; 
alkoxyalk^ 2-cyanoacrytates, fluorinated 2 cyanoacry1ates, and carbalkoxyaikyi cyanoacrylates, depending upon 
acceptable toxicity and other properties for a given application. More preferably the adhesive compound comprises 

1 5 ethyl cyanoacrylate or butyl-2 cyanoacrylate. These latter two compounds, are available commerdally from Loctite 
Corporation (Hartford Conn.) or Pacer Technology (Rancho Cucamonga, Calif). Other members of the 
cyanoacrylate family may be commercially available or may be synthesized according to published procedures or 
analogous methods as is within the abilities of one skilled in the art. 

The above-listed members of the cyanoacrylate family as well as other members of the cyanoacrylate 

20 family and other adhesive compounds that fall within the scope of this invention and are not listed above, may 
differ in their properties when used in a surgical sealing medium. The efficacy, histotoxidty, and other medically 
relevant properties of above-listed and other members of the cyanoacrylate family can be readily determined by 
routine experimentation by one of ordinary skill in the art. Such experimentation will enable one skilled In the art to 
choose a suitable cyanoacrylate or other adhesive compound for use in the media of the present invention. 

Depending upon the nature of the placement and composition of the two surfaces to be joined, the degree 
of biodegradability or bioabsorbaUlity desired in the sealing medium employed may vary. Where one of the surfaces 
to be joined is a nontissue material such as Dacron or stainless steel, it may be preferable to use a sealant medium 
that is substantially nonlnodegradable. For wounds or incisions on the surface of the skir^ it may be preferable to 
use a sealant medium that is substantially nonbiodegradable. Attematively, where both surfaces are living tissue, 

30 such as two sides to an incision or an autologous tissue graft, it may be preferable to use e sealing medum that 
will biodegrade over a period of days or weeks, diminishing as the natural healing mechanisms take hold. 

There is a wide variation in the rates and facility of m vivo biodegradation of polymers made from 
monomers which may be used as adhesive compounds in the present invention. There is also a wide variation in 
such rates among the members of the cyanoacrylate family, the preferred adhesive compounds of the present 

35 invention. Generally, pdymers of cyanoacrylates which have substituents that are small and/or contain one or more 
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oxygen-containing functional groups (e.g. ether, esten carbonyl) appear to have Increased biodegradabtlity rates. 
CyanoacrylatBs having long chain alkyt groups lacking in oxygenH:ontaining functional groups as substittents may 
tend to form potymers which biodegrade more slowly. There are also indications In the Bterature that the 
biod&gradation rate of cyanoacrylate potymers Is affected by the polymer molecular weight and crystallinity of the 
5 polymer. 

There are sevo'el stu(fes of biodegradation rates of polymers formed by various members of the 
cyanoacrylate family In the sdentific and medical literature. It is within the abilities of one of skill in the art to lae 
such infonnation In the literature along with routine experimentation In order to choose a member of the 
cyanoacrylate family with suitable biodegradation characteristics for use in accordance with the present invention. 
10 Microparticutate silica is commerciaOy aveOabie In a variety of Afferent partide sizes. That which Is 

preferred is generally less than about 10 microns in average diameter, more preferably DDI to 1 micron, most 
preferably 0.01 to 0.1 microns for certain applications. Variations in the quantity and particle size of silica used 
wilt result in n^edia which differ in properties. Optimization for particular formulations can be accomplished through 
routine experimentation. 

1 5 Among the properties that change with the quantity of silica or other microparticulate modifier used are 

viscosity and polymerization rate. Increasing the percentage (weight to volume) of silica in the medum will Increase 
the viscosity of the medium in a generally linear manner. Increased viscosity provictes for easier application of the 
media on tissues, as viscotc media stay where they are placed and thus decrease the incidence of running or 
dripping onto other surfaces or tissues, or leaking in between sides of a laceration to be closed. As the viscosity of 

20 a given medium is Increased, the polymerization rate of that medimt concomitantty decreases. Decreased 
polymerization rates allow more time for a practitioner to place and adjust the surfaces that are to be seded. 
Where the polymerization time is short, there can be little if any margin for error before the surfaces are sealed^ 
The longer polymerization time has an additional benefit. Since the polymerization process is exothermic, 
decreasing the polymerization rate decreases the rate that heat is released by the medium, resulting in a lower 

25 t&nperature in the metfium and surrounding tissues during polymerization. 

An additional profrarty that may change with added silica is the toxicity. An experiment to detemnine 
cytotoxicity was performed using standard MEM (minimum essential medium) elution techniques. Twra polymers, 
one fonned by a commercial preparation of liquid ethyl cyanoacrylate (Aron Alpha from Toagosci, Ltd.) and the 
other from a medium of the present invention, a gel comprised of 3% by weight fumed silica (Cabot Corporatioa 

30 Cab-O-Sil Division, Tuscola, IL) in ethyl cyanoacrylate were extracted for 24 hours In MEM. Mouse cells vuere 
exposed to the extracts and were examined at 48 and 72 hours for evidence of cytotoxic effects. There was 
extenshfe crenation (shrinking or scarring of cells) and 90% lysis observed in cells exposed to the extract of the 
. commen:ial ethyl cyanoacrylate adhesive. This extract was thus adjudged to be toxic In contrast, there was no 
crenation and 0% lysis in cells exposed to an extract of the me(fium comprising silica, which was thus adjut^ed to 

35 be non-toxic. 
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There is also some eviderK:e that joints fonned between two surfaces by meifia of the present invention 
have a greater flexibility and tensile strength than joints fonned by adhesive compounds afona, without a 
niicroparticulate modifisr. 

tn some embodiments, fomiulations of sealing media may adifitionally comprise one or more optiond 
5 adifitives, such as polymers, viscosity modifiers, cdorants, anti-diffusion agents, sails; antibiotics, anti-microbials, 
stablizers, dassicants, catalysts, or agents that slow polymerization. 

Generally, fomiulations of sealant media for the present invention comprise generally homogeneote 
mixtures of at least one adtesiva compound vwth preferably 1% to 5% (by weight) microparticulate component. 
Preferred fomiulations of sealant media for the present invention comprise generally homogeneous matures of at 

10 least one cyanoacrylate with preferably 0.25% to 8% (weight) silica, more preferably 1% to 5% ^weight) silica, 
most preferably 1% to 3% (weight) silica. 

Proper storage of sealing media is an important consideration. Many cyanoacrylates wiD polymerize and 
harden relatively rapidly when stored below a critical volune. Hence; if a cyanoacrylate is used as the adhesive 
compound, it will be preferable for the vessel or reservoir in which the sealing metfium is stored to contdn more 

15 mediffn than is necessary to seal a typicd site. Preferably, the storage vessel or reservoir should contain a 
minimum of 1 to 5 grams, more preferably 3 to 4 grams of medium to maintain the cyanoacrylate component of the 
medium in a generally unpolymerized state in the storage vessel or reservoir prior to use. The total vdima of 
medum, the desiccation measures, and the sealing structures on the storage vessel or reservoir may be optimized 
to produce enhanced shelf life by one of skill in the art 

20 Any of a variety of containers or devices can be used to deliver media to a site intended for sealing, Fw 

example, syringes, eyedroppers, compressible bottles or tubes, tongue depressors, spatulas, or others can be used 
to deliver media to the site intended for sealing. Media in paste fomn can be scooped manually from a jar or other 
container by fingers and manually packed around the base of the heart valve or other joint to be seded or on the 
wound to effect closure. Additionally, devices designed to deliver sealing media may be used, such as those of the 

25 type disclosed in U.S. Patent No. 5,529,577. The choice may, in part, be detemtined by the viscosity of the 
medun employed, which is dependent upon factors such as the \riscosity of the adhesive compound, the particle 
size of the microparticulate component and the relathre amounts of adhesive compound and microparticulate 
component The choice of delivery means may also depend on other factors such as the nature of the tissues or 
materials to be joined and the physical stmcture of the joint to be sealed. The chtnce may also depend on the 

30 nature, physical structure or location on the body of the wound to be closed and sealed. It should be understood 
that this list and the devices mentioned above are meant to be merely illustrative, and that one of skil in the art 
may develop altemate means to deliver sealing mecfia to the sites wherein they are used. 
Sealino meda for wound closure: 

In accordance with the present invention, a seeling medium is used to join adjacent surfaces of skin to 

3 5 effect closure of a wound or incision. The gel or paste sealing media of the present invention are typically used as 
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the primary closure modality* to replace conventional sutures or staples. The two sides to a percutaneous indsioa 
for example, can be held together and a layer of sealing gel can be placed on the surface to span the iicision. After 
sufficient polymerization the gel will provide a strong bond wlule natural healing processes occur. It is preferred 
that the seafing media of the present invention are used as the primary method of wound closure, but they may be 
used in conjunction with other wound closure or tissue fastening systems, such as staples and sutures, or in 
combination with a support structure such as cloth or gauze. 

Although specific dosura means and support structures are identified and dscussed in this speciftcatioa 
such use of the terms shoiid not be construed as limiting the definitions of these terms, it is the applicant's 
intention that these terms be given their broad or(finary meanings. 

The present invention may ba used to effect wound or percutaneous incision dosure in a mannw that is 
qiick, simple, and effective. The niaterials and methods of the present invention require little training for their use 
and may be used by medcal personnel to replace conventional methods of closing wounds. Additionally, they may 
be used by nonmedical persons for use in combination with or as a replacement for conventional home reme(fies, 
such as adhesive bandages. 

Formdations and storage of sealing media of the present invention are descibed in the previous section, 

page 10. 

The wound closure media of the present invention are preferably stored and applied using a container- 
appficator. A container-applicator has two basic parts: (1) a storage area or resewoir which holds the media and 
protects it fron air, water and contaminants; and 12) the applicator which ccmiprises a specially shaped tip 
designed to aid in application of media. 

The reservoir is preferably both a'r-tight and water-tight, and keeps the metfia witlvn free from 
contaminants. The reservoir may contain a desiccant material to keep the mecfia free of weter, which would cause 
pdymerization of the preferred cyanoacrylate based media. Reservoirs may be of any shape, although shapes 
which provide for a smooth internal flow of meifia, such as cylindrical or pyramidal shapes, are preferred. The size 
of the reservoir mey vary within a wide range, but is preferably slightly larger than the volume of media which will 
be placed inside the resenroir to minimize the amount of gas within the resenrdr. The reservoir may be ma(te from 
any of a variety of medical grade materials, such as plastics, that is suitable for the storage of cyanoacrylates as is 
known in the art. The reservoir may be either rigid cdlapsible, or compressible. Use of a compressible or 
cdlapsiUe reservdr aflows the user to have greater conUd over the rate at which media is expressed, as exertion 
of pressure on a compressible or collapsible resenroir would place a force on the on the mecfia causing it to flow at 
a faster rate than it would tn the absence of such pressure. The compressible or cdlapsible reservdr design is 
esperially preferred for highly viscous or gd-like media for which the force of gravity may not be strong enough to 
cause a flow of media through an applicator sufficient to close a wound. Cdlapsible reservdrs which retdn thar 
collapsed shape have the addtional advantage of reducing the amount of air which enters the reservdr fdlowing 
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use. This advantage of collapsible containers is of greater importance in multiple-use (reuseable) devices, wherein 

media is preferably kept relatively free of potential contaminants between uses. 

Applicator tips can ba of any of a number of shapes, sizes, and configureticms. They are preferably fairly 

rigid and may be ma(te out of any material which is compatible writh the mecfia formulatioa preferably plastic The 
5 choice. of a proper applicator tip for a givm application will depend on factors such as the viscosity of the media, 

the desired application rate of the media, the nature of the woundl the placement of the wound on the body, and 

the physical structure of the wound 

The container-applicators of the present invention may be either single-use or multiple-use devices. For 

most applications, stngle-use container-applicator (fevices are preferred. This preference arises because the risk of 
1 0 cross-contamination between wounds or patiaits is practically eliminated when a new device is used for each 

closure. As an altemative to the single-use embodiment a container or reservoir containing enotqh media for 

multiple closures may be configured to accommodate replaceable tips. In such an embo(fiment at the place 

whereon the replaceable tips connect with tfie reservoir, the reservoir would preferably have a means such as a 

valve, septum or sealing gasket which allows the reservoir to be sealed in the absence of an applicator tip. Placing 
1 5 an applicator tip on the reservoir would cause the valve to opea allowing media to flow out from the reservoir, tn 

tNs manner, one reservoir contairang enough media to close several wounds could be used over a period of hours, 

days or weeks. This embodiment would also allow the user to use one reservoir with applicator tips of varyir^ 

shapes and sizes chosen to best accommodate the needs of different wounds. 

Two specific embodiments of container-applicators are depicted in the drawings and detailed below. 
20 These embodimems are presented as illustration only, as it is the inventor's intention that the invention be limited 

only by the scope of the attached claims, and not exdusively to the embodiments dsdosed with particularity 

heran. 

One preferred embodment of container-applicator is the rollerbaO container-applicator 1 depicted in Figure 
1. The reservoir 2 may be either rigid, compressible, or collapsible and may be made out of any material suitable for 

25 the storage of cyanoacrylates, as is known in the art. The applicator tip portion of the container-applicator 
comprises a ball 3 and a cuff 4. The ball 3 is held loosely within the cuff 4 so that the ball 3 is free to rotate in any 
cfirection, but not so loosely as to allow the ball 3 to be removed or fall out when the comainer applicator 1 is 
inverted. The size of the gap 5 formed between the baD 3 and the cuff 4 can be varied to accommodate a wide 
range of viscosities of media and desired flow rates. For low viscosity media, a relativdy small gap 5 would be 

30 preferred to allow the media to flow out around the ball at a reasonable rate during application, whereas for high 
viscosity gel-like mecfia a larger gap 5 would be required to allow a reasonable flow of media around the ball 3. 
Similarly, the gap 5 can be varied to achieve a desired application rate for media of a particular viscosity. For meifia 
of a given viscosity, a large gap 5 would provide a higher flow rate for the media than a smaller gap 5. 
Furthemiore, use of a compressible or collapsible reservoir 2 allows for additional control over the rate at which 

35 made is expressed, as exertion of pressure on the compressible reservoir increases the pressure on the media 
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causing it to flow through gap 5 at a rate faster than that for the same me£a in the absence of exerted pressure; 
regardless of viscosity. 

A second embodment of container-applicator is that depicted in Figure 3. This embodment comprises a 
container such as pyramidal res^oir 11 and an appHcator tip 12. The container-applicator 10 may further 
5 comprise a one-time remov^e or breakable sealing tip or cap as described below. In the iDustreted emboifiment 
■ the media flows from the reservoir 1 1 through a tubular extension 12 and out to the application site through an 
opening 1 3 in the flared distal end of the applicator tip 1 4. In one preferred embodiment, the length of the extended 
portion 1 2 of the applicator tip 14 is preferably 0.1 to 10 cm long, more preferably 0.5 to 2 cm, but can be readily 
optimized in view of an intended use for the applicator 10. The largest aoss sectlon of the flared end can dso 
10 come in a vwde range of sizes, preferably from 0.5 to 5 cm, generally le$s than 2 cm, but it is most preferably 
chosen to ba a little larger than the width of the wound to be closed. The configuration of the opening 13 may be a 
narrow elliptical or rectangular slot or other configuration suited for the end use. The reservoir 11 is preferably 
compressible or collapsible to allow for greater control in the rate at which the media is expressed from the opening 
13. 

1 ^ In one embotfiment the distal opening 13 of the applicator tip 14 has a shape like that shown in Figure 4. 

During application, the flattened side is placed towards the skin to maximize the area of applicator-skin contact. 

This semi-eflipticat or other concave shape of the opposing side of opening 13 results in application of a rounded 

strip of sealing medium as the tip 14 is drawn across the surface of the skin. 

The applicator tip of the container-applicator may further comprise a removable or breakable sealing tip. 
20 One embodiment of a breakable sealing tip, which may be used for a single-use device, is shown in Figure 5. The 

applicator cap 15 fornis a solid covering for the opening of the applicator tip (14 in Figure 5). The appHcator cap 15 

is preferably of the same material as the applicator tip 14, the two parts meeting at a breakline 16. In one 

embodiment in which the tip 14 and cap 15 are integrally formed, the breakline 16 is characterized by scoring or 

other means which weakens the junction and allows the two parts to be easily separated by grasping the two parts 
25 (1 2 and 15) in either hand and bending or tearing the pieces apart to expose the opening 13 in the applicator tip 12 

through which the media is expressed. The cap 15 can alternatively be press fit or threadably engaged within or 

over the distal tip 14 and retained by friction as will be apparent to those of skill in the art. 

Alternatively, a sir^le-use device may comprise a reservoir wherein the opening through which the media 

flows is covered with a peelabie or purrcturable plastic film or metal foil. In one such embotfiment, the foil or film Is 
30 peeled back or pierced prior to positioning the applicator and sealing the wound. In another embodimoit the 

appScator portion has a proximaily extending point or projection which pierces the foil or film as it is threaded onto 

or otherwise secured to the reservoir. 

One embodiment of container-applicator is a single-use, sterile wound closure device. Preferably such a 

device has a perceable or removable tip seal. The contaner portion of the preferred single-use wound closure 
35 device is sized to hold preferaUy from 2 to 10 grams, more preferably 2 to 5 grams of wound closure media. 
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dependng upon the intended use. The container may be of any of a variety of standard container shapes, and is 
preferably compressible or coDapsible so that the user may conUol the rate at which the med a contained therein is 
expressed by varying the pressure exerted on the waDs of the container. 

The single-use sterile wound closure device is prepared by first taking a clean container that wOl serve as 
5 the reservoir and filling it with wound closure meda comprising an adhesive component and a microparticulate 
component The reservoir is then sealed. Sealing the reservoir is preferably done by affixing an applicator tip with 
a removable seal to the reservoir, or by securing a pierceable septum to the container. The container-applicator, 
with the wound closure mecEa sealed inside, is then sterilized by methods known to those skiHed in the ert which 
may be used on the materials from wh'ch the container-applicator is made and which will also not react with the 
1 0 adhesive component of the media. 

in the ahernativB, the pieces which comprise the container-applicator can be pra-sterilizedt and the device 
filled and sealed in a sterile or ultra clean environment. This is potentially a viable method, as the preferred 
formulation of wound closure media, that comprising cyanoacrylate and silica, is generally not supportive of the 
growth of microorganisms. 

1 5 The use of reusable coverings for applicators or applicator openings, such as caps, plugs, valves, or the 

like are dso contemplated. Use of this type of covering would allow a container or container-applicator to be used 
several times before it is discarded 

The containers, apfdicators, and container-applicators dsclosed above may be used alone, in combination 
with a support structure, such as a piece of cloth, gauze or mesh, or in addition to some other conventional securing 

20 means such as sutures or staples. Support structures can provide an extra measure of strength and protection for 
the wound, while use of a sealing medium with sutures or staples can reinforce and thoroughly seal the joint to heUp 
prevent rupture, protect the joint from abrasioa or keep h free of debris. Similarly, for a deep or penetrating wound 
or surgicd indsion, the innennost tissues may be joined by dissolvable sutures while the exterior surface is joined 
using meda according to the present invention. 

25 Closure of a wound may also be effected by the use of a devbe comprising a support structure 

impregnated with media. In such a ctevice, the support stnicture, comprising cloth or gauze, has a sufficient 
quantity of meda imbedded therein to allow for closure and sealing of a wound. Preferetdy, each device is 
individually sealed within air end water-tight packaging such as a plastic or foil pouch until use. Although the 
application and use of such a device would be very similar to a conventional adhesive bandage, it has several 

30 advantages. The media impregnated support structure will adhere to the wound for a mich longer time than a 
conventional adhesive bandage and provide a better barrier to water, dirt and abrasion. The media impregnated 
support stnjcture would be especially suitable for use on children, as it would keep the wound cleaner and prevent 
the child from disturbing the wound and hampering the healif^ process. 

When applying media of the present invention, the surfaces of the wound, lacerationi percutaneous 

35 incision, or the like intended for closure are brought in contact with each other by use of the fingers, forceps, or a 
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similar device. A sufficient amount of medum is (fefivered to the surface so that proper sealing and closure 
retention wiD occur. When sealing tte joint formed by the sides of the wounl laceretioa or percutaneous irK:isi(m, 
the medium is applied to the exterior surface of the wound and allowed to pdymerize so that it fomis a fihn over 
the entire woimd. Preferably, media are applied in a manner to minimize the amount of metfitm which seeps 
5 between the edges of a wound. The amount of seeling medium to apply in any given case, and thus the area and 
thickness of the resulting film, may depend on several factors including placemmt of the wound on the body, depth 
of the wound, tissue sensitivity to the media, and the like. Metfia may be applied alone or in combination with a 
support stmcture or a more conventional securing means such as sutures. Through routine experimentatioa 
however, one of skill in the art will be able to exercise clinical judgment to determine an appropriate quantity of 

1 0 metfium to provide effecthfe closure for a particular procedure. 

Methods of the present invention are preferably directed toward closing and sealing a wound by sealing 
and securing together adjacent tissues, such as opposing pieces of skin, in a patiem. The need for closure of such a 
wound may arise during surgical procedures, as a result of percutaneous indsion. The need may also arise as a 
result of traumatic injury resulting in a laceration or other wound which breaks the skin. 

1 5 Generally, a method of closing a wound, laceration, percutaneous incision, or the like proceeds by first 

assessing what type of closure or combination of closures is proper for a wound given fortors such as the size, 
depth, and location of the wound as well as an assessment of the overall needs and requirements of the patioit 
Such assessments are routmely done by those skilled in the medical arts. In a non clinical setting, the assessment 
step will Gkely be much more cursory. 

20 Next a suitable fonniiation of sealing mecfium, an applicator, and a method of application are chosen. 

These three choices are somewhat interconnected, as the choice of a particular applicator constrains the method of 
application, and a particular forniulation of media may constrain the type of applicator or method of application 
which can be used, and vice-versa 

The choice of a suitable formulation of wound closure medium comprising an adhesive compound and a 

25 microparticulate component, as (fisclosed herein, may defend upon charrcteristics of a medium such as 'tis 
viscosity, biodegradability and rate thereof, resulting tensile strength upon polymerization, flexibility when 
polymerized, histotoxicity, and polymerization rate. Specific characteristics may be desired to fK clinical needs as 
dictated by factors such as the size of the wound, the amount and rate of bleeding from the wound, the location of 
the wound on the body, and potential stress on the sealed wound. 

30 The choice of applicator and method of application may, in part, be detemiir^d by factors such as the 

compositioiv viscosity, and polymerization time of the medium, and the gemietry, size and placement of the 
application site. Such a choice may also be constrained by the tools and devices available to the user. Examples of 
preferred apfdicators are disclosed above and examples of preferred methods of application are described below. 

Next the wound may need to be prepared before closure Activities involved in wound preparation are 

35 higHy situational, but are routinely done by those skilled in medicine, nursing, and related arts. Wound preparation 
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may involve tasks such as r^oval of debris, dirt, oil or excess tissue from the wound, apidtcation of pressure or 
similar measures to brit^ about the cessation of bleeding, cleansing the wounit application of an entimtcniblal 
preparation, use of a conventional closure means such as sutures, and other such tasks. In a non-clink:al setting, 
the patient or use may also perform some of these same tasks. 

If the surfaces of the wound naturally puQ apart the two surfaces should be brought into contact with 
Bdch other and properly aligned to achieve minimal scarring by use of the fingers, support structure, forc^ tff 
other suitable medical instrument In such a case, the two surf »:es are preferably held together as the medium is 
applied and afterwards until sufficient polynierization has taken place to allow tie closure to be sdfsupporting. 
Ahematively, the two surfaces may be brought together by sutures, staples, tape or other securing means and then 
further sealed by application of a chosen medium. In wounds for which the skin is not separated, this step may be 
skipped 

The chosOT medium is then epplied using the appBcator and method chosen in en earlier step. The 
entirety of meda application is preferably done within a limited penod of time* as the strength of the closure formed 
by two or more successive applications of meifia (wterein one application has been allowed to polymerize before 
the next applicationl may not be as strong as the closure fonned by one application allowed to polymerize to fomi a 
single layer on the skin surface. Media is app&ed in a quantity sufficient to effect wound closure and sealing. More 
may be epplied, if desired, to increase the strength of the closure or likewise, a support structure may be applied. 
Detemiination of quantity of media appGed can be determined by routine experimentation and exercise of clinical 
judgment. Specific methods of application involving the use of conteiner-applicators are discussed in the 
paragraphs winch follow. 

One specific method of application is that involving the use of the rolierball container-applicator pictured 
in Figure 1. To use this container-applicator, first any sealing means is removed or broken. Then, as depicted in 
Figure 2, the container is tipped so that the rollerbaO is pointing in a generally downward direction and the bottom 
of the reservoir portion is pointing in a generally upward tfirection. Such orientation of the container-applicator 
facilitates the flow of media towards the rolierball applicator portion through which it may then be applied to the 
wound. Preferably the media is applied by moving the comainer-appGcator back and forth over the surface of the 
wound and surrounding skin areas while keeping the rolierball in contact with the wound at all times. Although e 
back and forth movement is preferred, any movement of the applicator which serves to deliver tte media to the 
intended site without disturbing the wound itself is contemplatei 

If the reservoir portion of the container-epplicator is compressible or collapsible, the rolGng of the 
applicator over the surface of the skin can be accompanied by squeezing or otherwise compressing the walls of the 
reservoir. With such a collapsible or compressible reservoir, the rate of flow of media and therefore the amount of 
meda delivered, is proportional to the amount of pressure applied to the wails of the reservoir. The quantity and 
rate of media delhrery can thus be controlled by the user. 
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Another spedfic method of application is that using a contain^-applicalor of the type ducted in Ftgure 
3. To apply medio, first any seating means such as a foil seal peeiaway thin fBm €X breakaUe tip is punctured or 
r^oved to allow for flow of media. The applicator tip is preferably placed on or slightly above the surface of the 
wound to be sealed. If a h^i-elliptfcal tip is used such as that pictured in Ftgure 4, the flattered side is preferably 
5 placed closest to the skin. The media is then allowed to flow through the applicator and onto xbs surface of the 
skin. Preferably, the reservoir portion comprises collapsiUe or cmipressible walls such that the user may exert 
pressure on the walls to facilitate the delivery of media to the skin, and thus control the rate at which the mecfia is 
expressed from the applicator tip. The tip is moved over the surface of the skin, following the contours of the 
wound, resulting in the deposition of a strip of media on the skin covering the wound. Additional strips may be laid 

1 0 down in a similar manner to thicken or expand the area of media coverage. 

In accordance with another embocfiment of the present inventioa the reservoir is provided as a separate 
component from the applicator tip. In this embodiment, the reservoir is provided with a pierceable seal or septum, 
such that a unit volune of media can be sealed within the reservoir. Pierceabte septums or seals comprising 
silicone, other polymeric materials known in the medical industry, as wefl as metal foils or thin polymeric films may 

1 5 be utilized, as will be apparent to those of skill in the art in view of the nature of the complimentary piercing 
stmcture on the applicator tip. 

The detachable appScator tip comprises an applicator surface on a distal side thereof, and a cannida 
neede or other piercing structure projecting proximally from a proximal side thereof, A retention structure b 
preferably also provided, for security the applicator tip to the reservoir. In one embodimCTt, tte retention structure 

20 is an axiaDy extending annular flange having a thread on the radially inwardly or outwardly facing surface thereof, 
for threadably engaging the top of the reservoir. Any of a variety of other retention structures can be utilized, as 
will be apparent in view of the cfisdosure herein. 

Prior to use at the clinical site, the applicator tip is secured to the reservoir such that the proximally 
extendng piercing member on the proximal side of the applicator tip pierces the septum or other seal on the 

25 reservoir, thereby placing the contents of the reservoir in fluid communication with the distal applicator surface. 

This embodiment is particulariy suited for a one time use disposable device. The applicator surface can be of any of 
a variety of structures disclosed elsewhere herein, such as a rollertiall, or a spedally configured opening such as a 
slot, for expressing a thin layer of sealing metfia over the surface of the tissue on either side of a wound. 

Any of the foregoing methods may be combined with the application of a support structure such as 

30 gauze. A layer of media is first applied to the wound onto which gauze or other support structure is affixed, the 
meda acting to secure the gauze in place. More media may then be applied over the gauze to further secure it and 
strengthen the closure. In the alternative, gauze may be first pi^ed over the wound and then covered and secured 
to the wound by subsequent app6cation(s) of media as described above. In either case, alternate layers of media 
and gauze may be applied to form a flexible, reinforced structure which effects closure of the wound and sealing. 
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As an alternative to the method discussed above, a prepackaged me(fia*impregnated support structure 
may be applied to the wound to achieve closure. Such a device; as described above, is preferably pack^ed in a 
sealed pouch and comprises a support structure, such as a section of cloth that is saturated with a quantity of 
med a sufficient to allow for attachment of the support structure and effect closure of a wound or section of a 
5 wound of a size corresponding to the size of the support stmcture. Closure of a wound using such a device is 
somewhat comparable to using a common adhesive bandage and is particularly well-suited for nonH:linical use. 
Rrst the pouch containing the device is opened and the device ranoved therefronfL The device is thm placed over 
the surface of the wound and then pressed into place to ensure good contact between the device and the skin. If 
additional coverage is required or desired, add tional devices may be applied. When more than one device is usei 
1 0 tl»y are preferably applied within a short time of each other so that they polymerize at nearly the same time. 
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WHAt IS CLAIMED IS : 

1. A mecfical grade sealing metfia for seating a surface to a tissue of a mammal, said sealing 
me(fia comprising an adhesive vuith a microparticulate material dispersed therein. 

2. The medical grade seating media of Claim 1, wherein said adhesive is selected from the 
group consisting of cyanoacrylates and cyanoacrylate derivatives. 

3. The medicBl grade sealing media of Claim 1, wherein said microparticulate is selected from 
the group consisting of sitica, tiny beads, and pieces of polymeric material. 

4. The mecfical grade sealing media of Claim 2, wherein said microparticulate is sifica. 

5. The mecfical grade sealing media of Claim 1, wherein said microparticulate material has an 
average diameter between 0.01 and lOfi. 

6. The medical grade sealing media of Claim 1, wherein said microparticulate material has an 
average diameter between 0.01 and 1 |i. 

7. The mecfical grade sealing media of Claim 1, wherein said microparticulate material has an 
average diameter between 0.01 end 0.1 ^. 

8. The mecfical grade seating media of Claim 1, wherein the microparticulate component is 
between 0.25 and 8% by weight of the sealing media. 

9. The medical grade seating media of Claim 1, wherein the microparticulate component is 
between 1 and 5% by weight of the sealing mecfia. 

10. The medical grade sealing mectia of Claim 1, wherein the microparticulatB component is 
between 1 and 3% by weight of the sealing media. 

11. The medical grade seating media of Claim 1, wherein said surface is native tissue from said 
mammal. 

12. The mecfical grade seating media of Claim 1, wherein said surface is a surface which is not 
tissue. 

13. The medical grade seating media of Claim 1, wherein both said surface and said tissue are 
skin. 

14. The medical grade seating media of Claim 11, wherein said native tissue is a harvested 
vessel. 

15. The medical grade seating media of Claim 1, wherein s^d tissue is a non-native tisse 
selected from the group consisting of donor organs, donor tissue, donor heart valves, and donor grafts. 

16. The medical grade seating media of Claim 12, wherein said surface is selected from the 
group consisting of stainless steel, gold, platinum, polyethylenes, nylons, polypropylenes, 
polytetrafluoroethylene, other poiyfluoro compounds, polyesters, and other polymeric materials. 
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17. The medical grade seeling media of Claim 1 further comprising one or more additives 
selected from the group consisting of pdymers, viscosity modifiers, colorants, anti-diffusion agents, salts, 
antibiotics, antimicrobials, stabilizers, perfumes desiccants, catalysts, and agents that slow polymerization. 

18. Use of the sealing media according to any of the foregoing claims in the preparation of a 
5 mecficament for sealing a surface to a tissue of a mammd. 

19. A wound closure device, comprising: 

a reservoir containing wound closure metfia, said wound closure media comprising the 
medical grade sealing media of Claim 1; and an applicator tip. 

20. The wound closure device of Claim 19, wherein said reservoir is collapsible or compressible. 
10 21 . The wound closure device of Claim 19, wherein said. applicator tip comprises a rollerball. 

22. The wound closure device of Claim 19, further comprising an elongated hollow tube having 
a proximal end and a distal end, wherein said proximal end is atteched to said reservoir and said distal end 
comprises the tip. 

23. The wound closure device of Claim 19, further comprising a removable seal on said 
1 5 applicator tip. 

24. The wound closure device of Claim 19, wherein said applicator tip is resealable. 
26. The wound closure device of Claim 19, wherein said device is sterilized. 

26. The wound closure device of Claim 19, wherein said device is disposable. 

27. A wound closure dressing, comprising: . 

20 a flexible support structure impregnated with wound closure mecfia, said wound closure media 

comprising the medical grade sealing media of Claim 1. 

28. The wound closure dressing of Claim 27, further comprising a sealed pouch surrounding and 
containing said wound closure dressing therein. 
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